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Low molecular weight aliphatio free radicals have been char a c ter- 
1 
ized as highly reactive particles. In solution and in the gas phase the 
kinetios of free radicals reactions have been studied in some detail. 
This thesis reports the reactions of the methyl and ethoxy free radical 
in p-isopropyl benzalchloride and is concerned in particular with their 
comparative properties. The products from the production of these free 
radicals in p-isopropyl benzalchloride have been obtained and character¬ 
ized. In order to aceount for the faot that different products are ob¬ 
tained a theory of repulsion is offered. 
In solution the methyl free radical has been studied in some de- 
2,3,4 
tail. The indications are that the methyl free radical, when gener¬ 
ated in solution, abstracts a univalent atom from a solvent molecule 
♦ • 
producing a residual free radical whose fate determines the nature of 
the final products. The nature and yields of the final products obtain¬ 
ed indicate that this abstraction is not a random process but that 
■'‘For leading references see Rice and Rioe, The Aliphatic Free Radical, 
John Hopkins Press, Baltimore (1935); also Hey and! Waters, Chem. Revs., 
21 (1937). 
^Kharasoh and Gladstone, J. Am. Chem. Soc., 65, 15 (1943). 
®Khara3ch and Jensen and Urry, J. Org. Chem., 10, 386 (1945). 
%harasoh, MoBay, and Urry, J. Org. Chem., 10 , 394 (1945). 
*The intermediate free radical produced by the abstraction of an 
atom from a solvent moleoule. 
1 
2 
selectivity is shown by the abstraction of the univalent atom held by 
** 
the weakest bond. 
The order of hydrogen and chlorine abstraction as reported by 
5 
Jensen is* 
Sec H ) Primary H> Cl 
6 
McBay reports that the methyl free radical abstracts the tertiary hydro¬ 
gen in preference to either the secondary or primary hydrogen of a 
solvent molecule. This type of selectivity has been reported in the oases 
6 7 
of the normal propyl and the isopropyl free radicals in solution. ’ 
TWo factors have been reported sus being important in detemining the 
g 
course of these free radical reactions: (l) The relative strengths of 
the bonds broken, and (2) The relative reactivity $oa|p& cleavage of the 
free radical involved. 
The type reaotion here considered has been termed a displacement 
P+A-D -*■ P~A + D 
8 
reaction by 0£g and Polanyi. From their studies these workers have con¬ 
cluded that several factors seem to affect the chemical inertia of the 
**The bond which undergoes either thermal or photolytio homolysis 
selectively or most readily. 
^Jensen, Doctor’s Thesis, Department of Chemistry, University of 
Chioago (1946). 
®McBay, Doctor’s Thesis, Department of Chemistry, University of 
Chicago (1945). 
7 
Styles, Doctor’8 Thesis, Department of Chemistry, University of 
Chicago (1946). 
O 
Ogg and Polanyi, Trans. Faraday Soo. 51, 1376 (1936). 
3 
reaction. Herewith, two are to be considered: (1) The strength of the 
bond broken (A - D) ; (2) The repulsion energy between the reaoting 
particles (P A - ®). 
In the case of the highly energetic, non-oxygenated aliphatic free 
(methyl) radical only the first faotor is observed to be of importance. 
The following scheme of illustrative reactions will further clarify this 
point: 
ÇH» CH, 
CHaS COOH + CHj —*• CH«. + CHjCCOOH + 
CH3CH2COOH * CHj —► CH4 + cH3CHCOOH 
9 
i- -CH3 > CH* ♦ M 
In all of the above examples the site of attack is on the most weakly 
bound hydrogen. In other words, the repulsive forces in close proximity 
to this site of attack are not great enough to prevent the dose approach 
of the methyl free radical required for hydrogen abstraction. 
In the reactions listed above the methyl free radioal was produoed 
by the thermal decomposition of diaoetyl peroxide in solution. The studies 
4 
of Khar as ch and co-workers have led to their proposed meohanism: 
9 9 9 
CH3HOOCCH3 -S > 'CHj +c^co* +co2 
The acetoxy free radical has been postulated to react in the following 
manner : 
O 
a. CH3CO •CHg + CQi 
b. 2 CH3C'O-  > CH3HOCH3 + CO* 
A peroxide is the source for the oxygenated free radical of this 
study. The thermally unstable diethoxyperoxydiformio acids have been 
studied in some detail by Strain and co-workersThese workers report, 
from their kinetic studies, that the decomposition of the peroxide is 
first order with respect to the peroxide oonoentration, and that the re¬ 
action proceeds by the initial step of thermally induced homolytic fission 
of the oxygen to oxygen bond. These results together with other evidenoe 
lead to their proposed mechanism: 
i9  ?i 
Ç2H5OCOO&OÇzHç - » C*H50--K*H5OCO* 
ft 
ÇgH5OCO‘  >■ C2H5O* + C Qz 
11 
McBay and TUcker report that the ethoxy free radioal reacts in at 
§ 
Hood, Master's Thesis, Department of Chemistry, Atlanta University 
(1947). 
*°Strain et. al., J. Am. Chem. Soc. 72, 1254 (I960). 
11McBay and Tucker, J. Or g. Chem., 19, 869 (1954). 
5 
least two ways in solution: (a) It may abstract a univalent atom from 
a solvent moleoule; and (b) It may undergo disproportionation. 
a QtHsO- ♦ RH 
b. ZCgHsO- 
CgHfOH + -a 
-► CHjCHO +■ C2H5OH 
These workers also offer the following mechanism for the reaction of the 
ethyl oarbonate free radioal: 
C2H5O £>• 
ft• + C2H5OCO* 
-> QM5O- t CO2 
C2H5OCOR 
The ethoxy free radical abstracts a univalent atom from some molecules 
*11 
from the same position as does the methyl free radioal; e.g. : 
OH O^Hj O' C2H5OH* o 
C2
H
50' C2H5OH + 
CMJS / 
PART II 
A THEORY OP REPUISION 
These results outlined in the previous paragraph (and others like 
them with other free radicals containing the odd electron in the valence 
12a,bx shell of an oxygen atom ) which parallel the results of abstractions 
exhibited by the methyl free radical have led some workers to assume that 
the same reaction scheme may be applied to both (*R and *0R) in all cases. 
12b 
This is the tacit assumption implied in the work of Moore who writes: 
RCOChkR'+ BuO- ► RCOCHR' + fiuOH 
[CH,] [CHJ 
3h this case, the products obtained from the reaction of the solvent, ethyl 
metifrl ketone, with the methyl and tertiary butoxy free radicals are 
identieâJ^f'>,1S On the other hand, the work of McBay, Thicker, and 
14a,b,c 
Milligan indicates that the products obtained from the abstraction 
12aUrry, A paper presented before the 12th National Organic Chemis¬ 
try Symposium, American QlN)i£'«8i~ Society, June 13, 1951, Denver, Colorado. 
12\oore, Chem. Soo., 53, 236 (1951). 
^•^Kharasch, et. al., J. Am. Chem. Soc., 70, 1269 (1948). 
14aMilligan, Master’s Thesis, Chemistry Department, Atlanta University, 
1951; McBay, Tucker and Milligan, J. Org. Chem., 19, 1003 (1964). 
^^McBay and Thoker, Unpublished results. 
^■^Kharaseh, McBay, and Urry, Unpublished results. 
6 
7 
of hydrogen from a given solvent by the ethoxy free radical are not al¬ 
ways the same as those obtained from the abstraction of hydrogen by the 
methyl free radical in the same solvent. 
TABIE 1 
A COMPARISON OF REACTIONS OF ALKYL FREE RADICALS 
WITH REACTIONS OF ALKDXY FREE RADICALS 











00 ca. 20 
Or 
•OC^g No products 






80 ca. 20 
O 0 
CH3 occ^aicoa^ 
•OCgHg No hydrogen 
abstraction 
oa. 100 
• CH3 805 ca. 20 
„ !? ? 
CHjOCCHfiQCHi 







These findings indicate that in those oases where the solvent molecule 
contains chlorine, car boxy, or carbomethoxy groups "flaüÉtttgJ1 the "pre¬ 
ferred” seat of attack, the point of attack is shifted, and in some 
cases abstraction of hydrogen is prevented entirely, when the ethoxy free 
radioal is used as the agent for abstracting hydrogen. These results 
lead to the obvious conclusion that the presence of the odd electron in 
the valence shell of an oxygen atom instead of a carbon atom changes the 
properties of the free radical with respect to certain types of solvent 
molecules. It is in Uie example of the ethoxy free radioal that we first 
consider the repulsion factor. 
The first report of a systematic study of these ideas on repulsion 
14a was that of McBay, Tucker, and Milligan. Decomposing diacetyl 
peroxide and diethoxyperoxydiformio acid in a series of solvents, these 
workers have obtained evidence which supports the postulate that the 
carbomethoxy or oarboxy groiç has a definite effect on the yields of 
products and point of attack of the ethoxy free radical. In the same 
solvents the methyl free radioal is reported to abstract the most loose¬ 
ly bound hydrogen regardless of the nature of the proximal groups. The 
findings of these workers are summarized in Table 2. 
The assumption basio to the aforementioned stuty is that the 
strengths of the bonds holding the hydrogens of the methylene groups are 
independent of the nature of the approaching free radioal. 
14a The evidence from this study indicates that as the number of 
carboxy or carbomethoxy groups is increased the ability of the ethoxy 
free radioal to abstraot an adjacent hydrogen is decreased while the 
ability of the methyl free radical to abstract this hydrogen is increased. 
9 
TABUS 2 
A COMPARISON OF REACTIONS OF ALKYL FREE RADICALS 
WITH REACTIONS OF ALKOXY FREE RADICALS 
Solvent Free Radical % Abstraction % Disproportionation 
oo •CHS 70 ca. 30 
•0C2H5 68 oa. 30 
QC^OCH, 
•CHJ 68 oa. 30 










The methyl free radical seems to abstract the most weakly bound hydrogen 
regardless of the nature of these adjacent groups. We have suggested 
that this decrease in the tendency of the ethoxy free radical to abstraot 
this hydrogen is related to some factor other than bond strength. It is 
possibly repulsion between the high concentration of oxygen and/or 
chlorine in the solvent molecule and the oxygen in the ethoxy free radical. 
It is with these ideas in mind that we have approached the problem of the 
dichloromethylene group in p-isopropyl benzalchloride. 
FART III 
PRESENT WORK 
When reacted with bent al ch lor i de the ethoxy free radical is reported 
to yield no products corresponding to the abstraction of the «-hydro- 
hydrogen to produce the tetrachlorotolane in 80% yields. Both these 
free radicals abstraot the «-hydrogen from isopropylbenzene in yields 
two free radio ala in a solvent containing the dichloromethylene group and 
the isopropyl group with both the c* and the <x -hydrogens activated by 
a phenyl group. The solvent ohosen was p-isopropyl benzalohloride (l)t 
Biis solvent combines the properties of isopropylbenzene with those of 
benzalohloride. 
On the basis of 0. Tucker's preliminary work the difference between 
the products from the reaotion of p-isopropyl benzalohloride (i) was sug- 
15 
gested. We have repeated this work and confirmed this difference. Us¬ 
ing the methyl free radical, which has been shown to abstraot -the 
tertiary hydrogen from isopropylbenzene end from benzalohloride with ap¬ 
proximately the same ease, one would expect both typos of residual free 
16 
Tuoker, Unpublished work. 
14b 





radicals from p-isopropyl benzalchloride (i); i.e.: 
These oovild then dimerize to yield a mixture of products: 
If the repulsion energy between the ethoxy free radical and the chlo¬ 
rine atoms in the solvent molecule (I) is greater than the repulsion 
energy between this radioal and the methyl groups in (i); then, the ethoxy 
free radioal should attack p-isopropyl benzalchloride (I) selectively at 
that «(-carbon atom remote from the chlorine atoms : 
9/ \F* 
ZHC( )CH+ZOC2H5 
Cl\ / CHj 
Cl 
CH + Z QH5OH 
Cl 
I 
Ethoxy free radicals were generated in p- 
O» 
isopropyl benzalchforide (i) and 
the sole dimeric product is in complete agreement with the postulates 
12 
outlined here. 
Belov 1B given in diagrammatic form the reactions leading to the 
characterization of the dimer (IT) obtained from the reaction of the 
ethoxy free radioal with the solvent (I), p-isopropyl benzalohloride. 














The reactions indicated by this scheme -were accomplished in establishing 
the structure of 2,3-dimethyl, 2,3-bis p-^diohloramethylphenyl^ butane 
(IV). 
It is important to note that the selectivity exhibited by the ethoxy 
free radical in abstracting the tertiary hydrogen of the isopropyl group 
in (I) cannot be explained on the basis of sterio hindrance of a purely 
16 
spatial type. The methyl group is larger than the ohlorine atom and 
the ethoxy free radical is larger than the methyl free radioal. There¬ 
fore, on the basis of purely spatial hindrance alone the type of selec¬ 
tivity predicted would be just the opposite from that observed for the 
ethoxy free radioal. 
The dimer (IV), m.p. 207°C. is decidedly different from the dimer 
(III), m.p. 138°C., obtained from the reaction of the solvent, p-iso- 
propylbenzalchloride (I), with the methyl free radical. 
The following scheme will illustrate the approach we have used in 
characterizing the dimer (III) from the reaotion of the methyl free radioed 
with p-isopropyl benzalohloride: 
(III) 1,1-diohloro 2-methyl 1-(p-isopropyl phenyl) 2-(p-dichloramethyl 
phenyl) propane. 
That the dimer (III) is a pure compound is shown by the sharp melt¬ 








î c, 59.43 H, 5.48 Cl, 36.09 
Found: 
o 
III m.p. 138 0| C, 59.16 H, 5.48 Cl, 34.92 
- 
0 
IV m*pe 207 0; C, 59.14 H, 5.63 Cl, 35.03 
16Pauling, The Nature of the Chemical Bond (Cornell University Press, 
Ithaca, Hew York, Ï.948), p. Ï89. 
14 
15 
In their reactions the isomers (III) and (17) differ sharply. Die 
dimer (III) does not succumb to reduction under the same conditions as 
does the dimer (17). Hie hydrolysis product obtained from (17) is a 
dibasic acid, but that from (III) a ketonic acid. From Isomer number and 
chemioal data me have provisionally assigned the structure of (III) as 
written. 
The evidence here presented seems to support the theory that the 
nature of the products obtained from the reactions of free radicals in 
solution are dependent not only upon: 
(1) The relative strengths of the bonds holding the univa¬ 
lent atoms in the solvent moleoule, but also upon 
(2) Hie properties of the initial and residual free radicals, 
and 
(5) The nature and relative positions of the substituents in 
the solvent moleoule. 
PART IV 
FURTHER APPLICATIONS OF THE THEORY OF REPULSION 
The ideas of repulsion are not necessarily restricted to the free 
radioals of this study, but may be applied to other reactions involving 
free radioals. 
Conant and his associates, working with bixanthyl derivatives, pre- 
17 




R* methyl, ethyl, propyl, (b.) RT-methyl, hydrogen 
workers report that those compounds (a) with R = alkyl or aryl 
17a 
absorb oxygen readily to give peroxides of type formule : 
On the other hand, w... toward oxygen the oompounds 
methyl, hydrogen 
^aConant, et. al., J. Am. Chem. Soc., 48, 1743 (1926). 
16 
17 
are muoh less reaotive than the least reactive of the dialkyl dixanthyls 
o 
ell of "which absorb one mole of oxygen in less than a day at 25 C. 
„17b 
These 4^9' disubstituted dixanthyls have been shown to dissooiate in 
solution to give free radioals. Presumably the dioar boxy derivative 
givef on dissociation a radical of type: 
b'. 
and the dialkyl/or diaryl derivatives give a radical of type: 
a#. 
These radicals (a* and b* ) and/or their parent dixanthyls (a and b) are 
comparable in structure to the solvents of this study which have their 
weakest bonds adjaoent to the alkyl or carboxyl group; i.e*, the most re¬ 
active position in (a), (b), (a')) end (b‘) being the ot-position. Thus, 
the idea on repulsion herein suggested some light on the anomalous re¬ 
actions of free radioals or type (b* ) from the 9,9’ dioarboxy dixanthyl. 
The oxygen atom with its two unpaired electrons, (a paramagnetic substance), 
is a particle with the structure of a free radioal. Bius if the 9-car boxy 
or 9’-carbomethoxy xanthyl free radioal would be expected to repel the 
17b Conant, et* al*, J• Am* Chem* Soc*, 49j 2080 (1927)* 
18 
ethoxy free radical at the 9-position» the oxygen atom should also be 
repulsed at this position as the evidence of Conant and associates in¬ 
dicated. On the other hand» the 9-alkyl/ or 9-aryl xanthyl free radioal 
which should not repel the oxygen atom greatly would be expected to give 
a derivative oxygenated at the position of the odd electron. These ideas 
are sunmarized below in the equations: 
In the area of displacement reactions» peroxide catalyzed chlorin- 
ations with sulfuryl chloride are of some interest in connection with 
18,19 
these ideas on repulsion. The studies of Kharasch and Brown yield 
some evidence which lends itself to such an interpretation. Under con¬ 
ditions reported by these workers the repulsion factor is at a maximum 
** 
and the preferred seat of attack is not at the weakest bond. For the 
17 
Kharasch and Broun, J. Am. Cham. Soo., 61, 2142 (1939). 
18 
Ibid., 62, 926 (1940). 
19 
mechanism of these reaotions these workers have proposed the following 
sohama: 
p £ O 
J. Rdooda  > R* + RCO* +COi 
Z. R* + SCfeCI* - RCI + SCfeCl- 
3. SCfeC/*  » -Ci * SO* 
* RH +-CI  > R,* + HCI 
5. R; + SOzCI2  > R,C; + SCfeC/* 
L»ci + soz 
The results obtained by these workers indicate that the ohlorine atom 
abstraots the hydrogen atom held by the weakest bond in hydrocarbons. 
The following equations are taken from those reported by these workers. 
O Og + HCi + SQz 9 5% 
o CHj + SCfeC k P**•»• 
Os 
o 
CH3 + HCI + S02 
CH^CI + HCI + S02 
85* 
80% 
In those oases where the solvent molecule contains chlorine atoms, 
carboxyl groups, or acyl chloride groups, the ohlorine atom attacking 
appears to lose its selectivity towards the more weakly bound hydrogen 
if it is adjaoent to one of these groups. For reaotions with these oom- 
18 































An example which illustrates sharply the repulsion faotor is that of 
benzyl ohloride and bensal ohloride. The former is very difficult to 
chlorinate by this method and the latter does not undergo this type of 
ohlorination at all; i. e., 
♦ « sogcu fs;+ s<% ♦ HCI 
«■ xs SO^CI^ No Reaction 
The author wishes to point out that he is aware of another interpretation 
20 
that is sometimes offered in analogous examples of chain reactions. In 
some oases it is contended that the propagation step (Reaction 5 of the 
mechanism soheme of Kharasoh and Brown (see above), which in the case of 
benzalohloride may be represented as : 
*■ Soa Cla + so2c/- 
does not ooour because of the stabilising effect of resonance on the re¬ 
sidual radical. The residual radioal may be representeAas: 
On this basis the inability of the propagation step (5) to ooour seems 
plausible. On -the other hand, without some other faotor idle case of 
20. 
Kharasoh, et. al., J. Am. Chem. Soc., 69, 1100, 1106 (1947). 
22 
isopropylbenzene becomes anomalous. The residual free radical from iso¬ 
propylbenzene might be represented as: 
17 
but this compound chlorinates easily in 95% yields. It may "sell be that 
the resonance stability of the residual free radical from benzalchloride 
is a contributing factor in the prevention of the propagation step (5). 
Moreover, it is possible that the two factors, resonance stability and 
repulsion are operating together in preventing the propagation step (6). 
Repulsion seems to be the sole factor which might inhibit step (4) in 
chain propagating prooess. 
The insignificance of a sterie factor in these reactions is illus¬ 




CHJCHCOOH + CW3  > CH3CCOOH ♦ CH4 IOO %+-Att&cK 
CH9ClizCOOH + CH3 —> CH3ÇHCOOH + CH4. IOO J£c*-AttacK 
The methyl free radical has been observed to abstract the hydrogen from 
both these aoids selectivity and exclusively. Since the volume of the 
16 
methyl radical is slightly larger than that of the chlorine atom, the 
anomalous results obtained in these chlorinations cannot be explained on 
the basis of sterie hindrance of a purely spatial type. 
The attack of a chlorine atom on a solvent molecule constitutes a 
16 
displacement reaotion (equation of. the mechanism scheme, ). The 
23 
results as noted above seem to indicate that the nature of the solvent 
molecule has some effect on the chemioal inertia of the reaction. 
Seemingly, the chlorine atom exhibits a great reluctance to coning 
into close proximity with other chlorine atoms when these are attacked to 
a solvent molecule; the same is apparently true with carboxyl and acyl 
ohloride groups. Biis reluotance which is manifested in the attack of 
the chlorine atom at a point which is remote from that point usually con¬ 
sidered to1 be the most reactive is, in our opinion, due to the repulsion 
energy between the aforementioned groups and the attacking chlorine atom. 
The net effect is to increase the activation energy required for hydrogen 
abstraction in the immediate vicinity by the ohlorine atom. The atoms in 
the immediate vicinity of such groups are protected by this repulsion 
energy against abstraction by a repulsed group or atom. 
Another case in point is the chlorination of pentachlorophenyl ethane. 
21 
This chlorination has been reported by Ross, Markerian, and Razewski to 
take place exclusively and selectively in the position beta to the penta¬ 
chlorophenyl group, 
while the larger bromine atom, which presumably experiences less repulsion 
21 
from the ring chlorines, substitutes in the alpha position! 
^Ross, Markarian, and Razewski, J. Am. Chem. Soo., 69, 1914, 2468 
(1947). 
24 
C/|^SC^CH3 * en  ► CI^NcHBrCHj + Hfîr 
C,kjci ciL^Jc/ 
22 
McBay has obtained some preliminary evidence to show that the methyl 
free radio&l abstracts the «(-hydrogen selectively, but the products 
from this reaction have not been completely characterized: 
CHzCH, + CH3  *■ Of^ScHCHj + CH* 
ci 
This evidence illustrates the effect of chlorine in a molecule in high 
concentration on the abstraction of hydrogen in the immediate vicinity 
by the chlorine atom. 
No one has been able thus far to prepare tetrachlorosuccinic acid 












On the basis of the repulsion energy in suoh reactions as outlined above 
it is not surprising that this reaction cbes not entail the substitution 
of chlorine atoms for all of the methylene hydrogens. Uhe reaction of the 
22McBay, Unpublished Work 
25 
methyl free radical with methyl dichloroacetate and trichloro acetyl 
g 
ohlorides haà been studied: 
o 
2CMCfcCCJ ♦ 2 *CH3 
0 
2 -CCJeCOCHj * 2CH4 
1 9 9 
U afcocccfeccfeCOCHa 
o 
2 -CClzCCI + 2 CW4 
• 9 9 
ClCCCfcCCfcCCI 
This case is one in which the dimerizing residual free radicals (d.ande.) 
should be mutually repelling. One must assume that the dimerization of 
residual free radicals can occur in spite of extreme repulsion between 
the dimerizing particles, for in special cases these supposedly mutually 
repelling residual free radicals do actually dimerize. However, this 
dimerization of mutually repelling groiçs seems to ocour only shen there 
is no other choice. 
Consider the case in point in this study; i.e.: 
26 















This meager evidence suggests that even when these mutually repelling 
residual free radioals must dimerize, this dimerization folloes a stereo¬ 




p-Iaopropylbensolo sold»-- Eastman's White label produot sup* 112- 
114°C. was used without further purification* 
Methyl p-isopropylbensoate*— This ester was prepared from Eastman's 
White Label p-isopropyl benzolo acid by the method of Fisher and Speier*24 
The ester was purified by distillation through a 20 plate column, b.p* 
72°C./0.5 mm; Up20 a 1*5115. 
p-Isopropylbensalohlorlde. — Eastman's White Label p-isopropylbenzoio 
aoid was treated with an excess of phosphorus pentaohloride by method of 
9C 
Cahors. ° The produot was distilled through a 20-plate column, b.p*104- 
106°C. /2mm; Np26*5 « 1.5513. 
Diaoetyl peroxide.— This substanoe was prepared from aoetio anhydride 
and sodium peroxide by method of Gamborjan as modified by Khar as oh Fineman 
and Brown* This preparation is described in detail on page 36 * 
Diethoxyperoxydiformio add.— This material was prepared from ethyl 
11 
ohlorooarbonate and sodium peroxide by method of UcBay and Tuoker* The 
preparation is described in detail below* 
REACTIONS WITH DIETHOXYPEROXYDIFORMIC ACID AS THE SOURCE OF THE 
ETHOXY FREE RADICAL 
The Preparation of Diethoxyperoxydiformio Aoid*— The preparation of 
24Fisher and Speier, Ber. 28, 3252 (1895)* 
9c 




















the peroxide was carried out in the apparatus illustrated in figure (I ), 
under a hood behind a 3/4 inoh plexiglass explosion soreen (11. )« Into 
a 2 liter three neeked flask (4) equipped with a mechanical stirrer (l) 
and aloohol thermometer (3), was placed, diethyl ether (400ml.) dis¬ 
tilled water (300 ml.), and ethyl chlorooarbonate (80 g.} 0.77 mole). 
To the reaotion mixture immersed in an ioe salt (6) bath maintained at - 
10°C. was added sodium peroxide (65.8 grams} 0.86 mole) in ten to fifteen 
gram lots while stirring. The rate of addition was determined by the 
temperature of the reaotion mixture. The temperature was newer allowed 
to rise above twenty degrees oentigrade (2). After the addition of the 
s odium peroxide was complete the reaotion mixture was stirred for one 
hour after whioh distilled water (300 ml. ) was added and stirring con¬ 
tinued for one hour. The reaction mixture was then decanted into a 
separatory funnel, and the aqueous layer was separated and discarded. 
The ethereal solution was dried repeatedly over anhydrous sodium sul¬ 
fate* at 0°C. This solution was oonoentrated to one-half its volume at 
the water pump and then ootled to the temperature (-80°C.) of solid 
oarbon dioxide. At this temperature (-80°C.) The ethereal solution 
was allowed to stand overaite. Upon standing the solution deposited the 
crystalline peroxide. The ether was deoanted from the peroxide and the 
solvent added insaediately. This solution of peroxide in the decompo¬ 
sition solvent was then evacuated at («ft-2-nm Hg) pressure for one hour 
to remove the exoess ether. This évacuation was carried out behind the 
plexiglass soreen in the system illustrated in figure II. 
*Caloium Ohio ride and oaloium sulfate are unsatisfactory for this 
purpose, these salts seem to oatalyse the decomposition of this peroxide 
see HoBay and Tucker*!} also Wieland and Chrometska Bar., 613 1028 (1930). 
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The peroxide was analysed by the methods of Kolcatnur and Jelling.^6 
The Thermal Decomposition of Dlethoxyperoxydiformio Aoid in p- 
Isopropyl Bentalchloride»— Dlethoxyperoxydiformio aoid (89*0 g.j 0*5 
mole) was dissolved in p-isopropyl Bensalchloride (548.4 g.j 2.7 moles) 
and the solution evacuated for one hour as desoribed above. 
The decomposition of the peroxide was oarried out in the apparatus 
illustrated in Figure III. The solution of the peroxide in peroxide in 
p-isopropyl benzalohloride was introduced below the surface of this 
solvent (I08.4g.j 0.54 mole) in the reaction vessel (6.) maintained at 
a oonstant temperature (120/ 5°C.) by the oil bath (5.). This solution 
was added dropwise from the dropping funnel (3.) while oiroulating water 
in the water jaoket to prevent premature decomposition of the peroxide. 
The rate of addition was governed by the rate of the reaction as was 
indicated by the rate of gas expulsion. High concentrations of peroxides 
require a fairly slow rate of addition to the reaotion vessel. After the 
addition of the peroxide solution was complete the system was swept with 
nitrogen gas for some time (10-16 minutes) until heat was no longer evolv¬ 
ed within the soda lime tubes (9.). Upon cooling the reddish reaotion 
mixture deposited yellow crystals. These orystals were collected on a 
sintered glass funnel by suction. A Cold trap (-80° C. ) was inserted in 
the filtration system to trap any ethyl alcohol which might have remained 
in the reaotion mixture. 
The reaction mixture was then distilled at reduced pressure using an 
eight-inch Claisen type distilling head. 
26 
Kolcatnur and Jelling. J.Am. Chem.Soo. 63. 1432 (1941). 
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Weight of solvent reclaimed.— 527*0 grams) 2*6 moles* b*p*84C/o*5 
mm The solvent was redistilled using an approximate 40 plate column) 
b.p. 83-86°C /2mm K^20 ■ 1.6362* 
The soda lime tubes (9) showed an increase in weight (39*2 g*) which 
was taken to be carbon dioxide (39*2 g*i 0*90 moles)* The contents of 
the ooldtraps (8) (-80 C) yielded acetaldehyde (6*7 g*| 0*13 mole) and 
ethanol (37*1 g*) 0*885 mole)* These were identified by the methods de¬ 
scribed by MoBay and Tucker**. The Miohler's ketone tube (9) showed an 
increase in weight (0*3 g*) this was taken to be hydrogen ohloride (0*3 
g.) 0*006 mole)* 
The oily residue from the distillation of the solvent was filtered 
through a sintered glass funnel) the orystals which collected on the 
disk were combined with those which precipitated on cooling of the re¬ 




percentage of all 2 x No* moles of dimer x 100 
ethoxy free radicals No, moles of ethanol No* moles acetaldehyde 
which abstract hydro¬ 
gen atoms from the solvent) 
2 x 0*309 x 100 - 65.3$ 
0.805 / 0.13 
Percentage dispro¬ 
portionation* (That 
peroentage of all 2 x No* moles of aoetaldehyde x 100 
ethoxy free radicals No. moles of ethanol No. moles of aldehyde 
which disproportionate) 
*For the reaction soheme from which these equations were derived 
see INTRODUCTION* p. 4* 
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2 x 0.13 x 100 s 28/2 
0.805 / 0.13 
The orystaline dimer when purified by trituration with warn ligroin 
(60-90 C) melted at 207°C. This material was analysed for oarbon, hydro- 
gen, and ohlorine content. 
Calculated for ^20^22^14^ 8, 59.43 H, 5.48 Cl, 35.09. 
C, 59.14 H, 5.63 Cl, 34.03. 
27 The crystalline dimer when subjected to the Clemmensen method of 
reduction suooumbed to quantitative conversion to the hydrooarbon. This 
produot when purified by reorystallisation from ethanol melted at 155.5 
C.* When mixed with authenic 2,3-dimethyl 2,3 di(p-tolyl) butane the 
o 
mixture melted at 153.5-154 C. The literature records the melting point 
of 2,3-dimethyl 2,3-di(p-tolyl)butane as 157°C. 
A sample (13.5 g.) of the dimer was hydrolysed and oxidised using 
potassium permanganate and potassium hydroxide in water to give a dibasio 
acid. This aoid when reorystallized from ethanol melted with decompo¬ 
sition over a range (280-285°C. )• The neutral equivalent of this aoid 
was determined in 60?2 aqueous ethanol. Better yields were obtained by 
digesting small samples (10-12 g.) of the dimer (IT) in aqueous dioxane 
with sodium hydroxide and adding hydrogen peroxide at intervals over a 
period of 16 hours. 
N. E. Calculated for c2oa22^4l *63*2 
N. E. Founds 164 
27 Martin, "The Clemmensen Reduction," Organic Reactionsi R. Adams, 
ed. (Hew York, 1942), I, vii, 155. 
*Thi8 melting point and all others reported in this study were taken 
using a complete immersion melting point bath) no corrections were applied. 
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The methyl ester of this dibasic acid was obtained by exhaustive 
esterifioation of the acid* This material melted sharply at 212*213 C. 
after re crystal li i at ion from methanol* The ester was subjected to 
analysis for oarbon and hydrogen content* 
Calculated fbr CggHggO^* C* 74*56} H. 7*40; 0* 18*05* 
Founds C* 74*28} H, 7*38 
This ester was mixed with the ester* 2,3-dimethyl 2,3-bis(p-carbomethoxy- 
phenyl )butane m.p. 210-211 obtained from the reaction of diacetyl peroxide 
with methyl p-isopropylbensoate (Cf* p*31 under Reaotions Involving 
Diaoetyl peroxide as the Source of The (Uethyl) Free Radical)* This 
mixture melted at 211 C* 
Preparation of 2*3*-di-(Methanal Phenyl)-2,3-dimethyl- n-butane.— 
The dimer, 2,3-di-p-(ei^i»-diohloro-p-tolyl)-2,3-dimethyl-n-butane, sup*, 
208, (5*5 g.) was dissolved in a mixture of 500 ml* of galoial aoetie 
acid too ml* of water, and 2*5 of mercuric chloride* This mixture was 
digested at reflux temperature for 3 days after which the water and 
aoetie acid were removed by distillation under reduoed pressure at the 
water pump* Some crystals were volatile with steam and were collected 
with the distillate* These were added to the crystalline residue, and 
the whole (1*80 g. ) was taken up in ether and extracted with aqueous 5% 
sodium oarbonate* The neutral ethereal extract was fried^ over CaClg 
and distilled* The orystals remaining were reoxystallised from 96% 
ethanol and appeared as pale yellow very hard platelets, m*p*, 207-208 
C* They gave a positive test with Sohiff's aldehyde reagent* 
Analysist Calc'd for 
C2G^22°2* C* 81,59 H» 7,55 
Found* C, 81*77 H, 7.61 
38 
This aldehyde has also been obtained by hydrolysis of the dimer (IV) in 
aqueous acetone with a catalytic quantité of merourio chloride* It was 
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converted by the Wolf-Kishner technique to the corresponding 2,3-di-p- 
tolyl-2,3, -dimethyl n-butane, m.p. , 153-154° C, This product did not de¬ 
press the m»p» of an authenic sample of 2,3-di-p-tolyl-2,3dimethyl -n- 
butane. 
REACTIONS WITH DIACETYL PEROXIDE AS THE SOURCE OP THE 
METHYL FREE RADICAL 
The Preparation of Diacetyl Peroxide»— The preparation of diaoetyl 
peroxide was oarried out in the apparatus shown in Figure I» The method 
is that of Gamborjan29 as modified by Khar as oh Fineman and Brown»30 The 
procedure here recorded is typical of the one employed for all the re¬ 
actions» In a three neoked flask (4» ) Figure I equipped with an alcohol 
themometer (3) and meohanioal stirrer (1) was plaoed aoetio anhydride 
(102,0 g; 1«0 mole) in diethyl ether (300 ml») The flask was immersed 
o 
in an ice salt bath (5») (-10 C)» With stirring there was added to the 
reaction mixture sodium peroxide (4S»0 g»j 0»6 mole ) in ten to fifteen 
gram lots» The rate of addition was determined by the temperature of 
the reaction mixture which was never allowed to rise above 16 C» The 
addition was completed in 16 - 30 minutes» After stirring the reaotion 
mixture for one hour distilled water (300 ml» ) was added dropwise from 
David Todd, in Adams, Organic Reactions, IV, 378 (1948)» 
29Gamborjan, Ber» 42, 4010 (1909). 
SO 
Karasch, Fineman, and Brown, Unpublished work» 
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the funnel (2)* 
The addition of the water was very slow at first for at a critical 
water concentration a surge in the temperature is noted* After this 
su>£» had subsided the water was added more rapidly* The reaction mix¬ 
ture was then stirred for one hour* At the end of this time the re- 
notion mixture was poured into a separatory funnel and the aqueous 
layer separated and discarded* The ether layer was then dried repeat¬ 
edly over oaloium chloride. The ether solution was oooled in solid 
oarbon dioxide (-80°C) and allowed to stand overnight* On standing 
overnight the ethereal solution deposited the white crystalline peroxide* 
The ether was decanted from the peroxide and the flask evaouated for 
one hour (1-2 mm) to remove the last traces of ether* The evaouation 
was oarried out in the system illustrated in Figure II* 
To the evaouated peroxide the solvent was then added and the solution 
29 
analyzed according to the method of Gamborjan as modified by Khar as oh, 
30 
Fineman and Brown* 
The Thermal Decomposition of Diaoetylperoxide in p-isopropyl Bent al¬ 
ts hlo ride.— The decomposition of the peroxide was oarried out in the 
apparatus illustrated in Figure III* Diacetyl peroxide (79*8 g*j 0*68 
mole) was dissolved in p-isopropylbenzalohloride (345*9 g* j 1*68 mole)* 
This solution was added dropwise below the surface of this solvent 
(169*5 g*j 0*82 mole) contained in the reaction vessel (6) maintained 
o 
at a fairly constant temperature (140-145 C*) by the oil bath (5*)* 
Throughout the addition the outer jacket of the dropping funnel (5) 
was oooled by the circulation of water from the tap* The rate of addi¬ 
tion of the peroxide solution was governed by the rate of gas evolution* 
86 
After the addition of the peroxide solution was complete the system was 
swept for some time with dry air (10-16 min.) until heat was no longer 
evolved in the soda lime tubes (9). Upon oooling the solution 
deposited reddish brown crystals. These crystals were collected on a 
sintered glass funnel by suotion filtration. 
The reaction mixture was then distilled rapidly at diminished pres¬ 
sure using an eight-inch Claisen-type distilling head. 
Weight of solvent reclaimed 830.0 grams{ 1.6 molest b.p. 94-100/3mm 
The solvent was redistilled using an approximate 40 plate oolumni b.p. 
83-86°C /2mm N^20-— 1.6352 
The dark red residue (104 grems) was filtered with suotion at the water 
pump and the crystals therefrom were combined with those which were de¬ 
posited from the reaction mixture on cooling. 
The oold traps (7) yielded methyl acetate (11.45 g.| 0.154 mole) 
this was identified by methods previously described.** In the gas trap 
(10) there was collected methane gas (17.66 L.) 0.99 mole). The soda- 
lime tubes (9) showed an inorease in weight (43.0 g.) this was taken to 
be carbon dioxide. 
(43.0 g) 0.978 mole). The Hiohler's ketone tube showed an increase in 
weight (0.7 g.) this was taken to be hydrogen ohloride (0.7 g. 0.019 
mole). 
The combined fractions of the crystalline product were assumed to 
be predominantly the dimeric form. 
Total weight of crystalline dimer) 76.75 grams) 0.190* mole 
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Percentage hydrogen abstraction* 
(That peroentage of all methyl 2 x Ho, moles dimer - 33,4 
free radicals whioh abstract No, moles CHl / Moles CH„do C2 
hydrogen atoms from the solvent) 2 3 
Peroentage disproportionation* 
(That peroentage of all methyl 2 x Ho, moles methyl aoetate - 26,9 
free radicals whioh reset by Holes CH^ / Moles CHgCOgCÉ 
disproportionation) 
The crystalline dimer when purified by trituration in warm ligroin 
(60 « 90°C,) melted at 138°C, This material was analyzed for carbon, 
hydrogen sind chlorine content. 
Calculated for C^QH^^CJ C, 59,45 H, 5,48 Cl, 35,08, 
Foundt C, 59,46 H, 5,48 Cl, 34,92, 
The residue from the distillation of the solvent to obtain the 
crystalline product yielded a viscous oil (65,6 g,). This material is 
very likely polymer resulting from the attaok of the methyl free radioal 
on the dimer. However, this material was not investigated. 
The Thermal Decomposition of Diacetyl Peroxide in Methyl p-Isopropyl- 
benzoate,— The decomposition of the peroxide was carried out in the 
apparatus illustrated in Figure I, Diaoetyl peroxide (l4,2g.j 0,118 mole) 
was dissolved in methyl p-isopropylbenzoate (153,8 g.; 0,86 mole). This 
solution was introduced beneath the surfaoe of the solvent (79,0 gramsj 
0,45 mole) contained in the reaotion vessel (temp, 150 £ 6 C«), This 
decomposition was oarried out in the same manner as described for the 
reaotion of diaoetyl peroxide with p-isopropyl benzalohloride. 
After completion of the reaotion the solvent was removed at diminish¬ 
ed pressure. From this distillation (8* Claisen type distilling head) 
*For the reaotion scheme from whioh these equations were derived 
see INTRODUCTION, p. 4. 
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there was reclaimed the solvent (207*1 g. 1*16 mole; b.p. 77-80°C./l mm 
The solvent was redistilled using an 18M Vigereux oolunm; 
b.p. 77.5-79 /0.5-1 an H = 1.5082 
The soda lime tubes showed an increase in weight (7.6 g.). This was 
taken to be oarbon dioxide (7.6 g.; 0.17 mole). The oold traps yielded 
methyl aoetate (0.6 gram; 0.008 mole). The methane evolved during the 
reaction was collected over water (3.4 L.; 0.15 mole). The percentage 
hydrogen abstraction and percentage disproportionation was calculated as 
above for the reaction of diaoetyl peroxide with p-isopropylbenzalchlo¬ 
ride. 
42.5$ Percentage hydrogen abstraction 
1.0 Percentage disproportionation 
The white crystalline dimer whioh was obtained from the distillation 
of the solvent and subsequent trituration in hot methanol weighed 12.0 
grams; 0.054 moles. This dimer melted at 210-211 °C. 
The Thermal Decomposition of Diaoetyl Peroxide in p-Isopropyl Ben¬ 
zoio Acid.— Owing to the faot that the aoid (p-isopropyl benzoio acid), 
° * 
ra. p. 112-114 C, is a solid, the teohnique of using a fairly inert 
solvent mixture was used in preparing the peroxide solution for the de¬ 
composition. The solvent mixture oonsisted of aoetio anhydride (150.0 
g.; 1.47 moles), glacial aoetio aoid (289.5 g.; 4.8 moles), and benzene 
(130.0 g.; 1.67 mole). This solvent mixture was first used to dissolve 
the p-isopropyl benzoio aoid (257.0 g.; 1*45 mole. Diaoetyl peroxide 
(7.0 g«; 0.07 rnola} was dissolved in the p-isopropyl benzoio aoid solution 
*Inert to the extent that the attached hydrogens do not readily 
suooumb to abstraction (of. Introduction p. )• 
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(387*0 g) and introduced beneath the surface of p-isopropyl benzoic aoid 
solution (182*5 g. ) The reaction temperature was the reflux temperature 
of the solvent mixture (105°C)* The decomposition was carried out in 
the same manner as previously described with the exception that the re¬ 
action vessel (6 ) was heated with a heating mantle instead of the oil 
bath as indicated in Figure II* 
From the reaotion there was obtained oarbon dioxide (12*8 g.| 0*30 
mole), and methane (5*61 L* 0*23 mole) 
The bulk of the solvents were removed by distillation at ordinary 
pressure* (b* p* 80 - 85°C*; benzene and acetic aoid /l00*8 g&/) and 
acetic anhydride (b*p* 95 - 125°Cj 450*2 g*)* Upon removal of these 
solvents the reaotion mixture was allowed to oool* The cool reaotion 
mixture deposited white orystals (22*89) which were collected on a 
sintered glass funnel by suotion filtration* The crystalline residue 
was extracted repeatedly with hot aqueous ethanol* When dried in the 
oven this material (20*79*) melted with decomposition! 275 - 280°C* 
Analysis! Calo'd fori C2oH22°4* C» 73,62 ^ 6,79 
Founds C, 73*30 H* 6*89 
73.78 7*08 
A careful examination of all fractions revealed no products whioh 
would indicate that had ocourred any attack upon the solvents! acetic 
aoid* aoetio anhydride* and benzene* 
. o . 
Three grams of the sparingly soluble aoid (m*p* 275-280 C*) was 
used in the preparation of the methyl ester* This ester when purified 
by reorystallization from nethanol melted at 212-213°C* When this ester 
was mixed with the dimer obtained from the reaotion of diaoetyl peroxide 
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o 
with methyl p-isopropyl benzoate, the mixture melted at 212 G.The eater was 
analysed for oarbon and hydrogen contents 
Calo'd for CggHggO,) C, 74.55j H, 7.40) 0, 18,06 
Founds C, 73*77) H, 7,65 
Preparation of p-(p-laopropyl-ît>^-dimethyl phenaoyl)- benzaldehyde. — 
The dimer, 1, 1-diohloro-l-p-isopropyl phenyl 2-methyl-2-w,w-di-ohloro- 
p-tolylpropane, m* p*, 138°C* (18*2 g. ), was dissolved in a mixture of 
800 ml* of water and 800 ml* of glaoial aoetio acid to which was added 
2*5 g* of merourio chloride* This mixture was digested at reflux tem¬ 
perature for 96 hours* The water and aoetio aoid were removed by dis¬ 
tillation under reduced pressure at the water pump* There remained a 
red-brown oil which formed on cooling a yellow-brown crystalline mass 
(14*9 g*) and some resin (l*4 g*)* These crystals were distinctly more 
soluble in aoetio aoid and in ethanol than their precursors* They were 
taken up in ether and extracted with aqueous (6%) Na^CO^* Evaporation 
of the ether from the dried (CaClg ) neutral fraction deposited white 
orystale (10*65 g) which reorystalized from aqueous ethanol (50^) in 
white somewhat iridescent platelets, m*p*, 104°C* They gave a negative 
test (Beilstein) for halogen, and a positive Sohiff's aldehyde test, 
Analysis) Calc'd for C2QH22°2* C» 7*63 
Found) C, 81*40 H, 7*48 
81.16 H, 7*59 
This keto-aldehyde forms readily by the orthodox method a mono 2,4 
dinitrophenylhydrazone derivative, yellow orange crystals, m* p* 206 - 
206 °C. 
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Analysis** Calc'd fori C^H^I^Ogi C, 65.81 H. 6.52 N, 11.80 
Founds C, 66.67 H, 6.59 N. 11.81 
65.74 5.56 11.60 
To establish that there exist two carbonyl groups in this kstoaldehyde 
whioh, apparently for sterio reasons, reacts readily with only one mole 
of 2,4-dinitrophenylhydrazine we hare prepared the dioxime dérivât ire* 
o 
This dioxime is a white crystalline product m.p*. 194*196 C. When re* 
orystallised from 95% ethanol. 
Analysis* Calo'd fort C20224S2°2* N» 8.36 
Found* N, 8.80 
Preparation of p-(p-isopropyl-<<v*)-diiiiethyl phenaoyl)*benzoio acid.** 
The Ether*insoluble sodium salt (whioh is also sparingly soluble in 
water) obtained through NagCOg extraction mentioned above (proceeding 
Paragraph) was aoidified with dilute HC1 to produoe the free acid, p* 
(p*isopropyl«<i^«i>dimethyl phenaoyl )-benzoio aoid. This glistening white 
crystalline substance was reorystallized from 50^ aqueous ethanol and 
dried in vacuo at room temperature. m.p. 198°C. 
Analysis* Calc'd for CggHggOg* C. 77.39 H. 7.14 N.Eq., 310.4 
Found* C. 77.00 H. 7.30 N.Eq*. 295 
This keto*aoid has also been obtained by oxidizing the parent kato* 
aldehyde (described above) with hydrogen peroxide in dilute aoetio aoid. 
*Analyses reported in this thesis of compounds containing high H/C 
ratio have been performed in our own laboratories by Mr. Ratio Jones 
using a specially prepared combustion train. Huggins and Jones Unpublish* 
ed results* Ratio Jones. Master's Thesis. Atlanta University June 1954. 
PART VI 
SUMMARY AND CONCLUSIONS 
Hi is investigation reports the reaotions of p-isopropyl benzal- 
ohloride with the methyl and the ethoxy free radioals. Hie free radicals 
were obtained by the thermal decomposition of the appropriate diaeyl: 
peroxides. Hie principle reaction products from each of the respective 
reaotions have been characterized and shown to be distinctly different. 
In order to explain the different products obtained, a theory of 
repulsion is offered. Hiis theory proposes that repulsion between the 
atoms of the solvent molecule and the attacking free radical may make a 
significant contribution to the activation energy of the required inter¬ 
mediate activated complex for a given reaction course involving free 
radioals. 
The findings of this study, in particular, support the postulate 
that there exists chlorine-to-oxygen repulsion in those reaotions where 
chlorine atoms flank the preferred seat of cleavage attack. Hie theory 
as outlined in this work has been applied to some recent anomalies from 
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